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Abstract. The ability to steer business operations in alignment with the
true origins of costs, and to be informed about this on a real-time basis,
allows businesses to increase profitability. In most organisations however,
high-level cost-based managerial decisions are still being made separately
from process-related operational decisions. In this paper, we describe how
process-related decisions at the operational level can be guided by cost con-
siderations and how these cost-informed decision rules can be supported
by a workflow management system. The paper presents the conceptual
framework together with data requirements and technical challenges that
need to be addressed to realise cost-informed workflow execution. The
feasibility of our approach is demonstrated using a prototype implemen-
tation in the YAWL workflow environment.
Keywords: Cost-Informed Process Enactment, Business Process Man-
agement, Workflow Management, Process Modelling, Prototype
1 Introduction
Organisations are eager to implement cost-based considerations in their day-
to-day operations. In most organisations, however, tying cost considerations to
process-related decisions forms a challenge. Our observation is that most Work-
flow Management Systems (WfMSs) offer no support for cost considerations
beyond the use of generic attributes (e.g. FileNet Business Process Manager) or
some basic cost recognition and reporting (e.g. TIBCO Staffware Process Suite).
Detailed cost information is typically not available at runtime and, as a result,
cost information is not used for monitoring or for operational decision support.
Our motivation for this paper is to provide a conceptual framework to en-
able WfMSs1 to achieve a higher level of support for cost-informed operational
1 In the remainder, we use the term WfMS to refer to all process-aware information
systems, including Business Process Management Systems (BPMSs).
decisions. More specifically, such a cost-aware WfMS is able to record histor-
ical cost information and makes use of it for (real-time cost) monitoring and
escalation purposes, as well as supporting simulation and cost prediction capa-
bilities. Ideally, it can also support process improvement decisions based on cost
considerations, such as determining cost profiles of different processes/process
variants and using them for selection/redesign purposes. To this end, we pro-
pose methods for the capture of cost-based decision rules for process, activity
and resource selections within business processes and how automated support
could be provided for cost-informed process enactment within a WfMS.
It is worth noting that cost is traditionally considered as one of many non-
functional requirements (NFR) for a software system or service in the same
manner as maintainability, usability, reliability, traceability, quality or safety [2].
However, the cost perspective has a very close and direct link with BPM/WfM,
much more so than most other NFRs. First of all, consider that cost is relevant
from the viewpoint of individual activities, resources, and entire processes – all
of which are in scope for a WfMS. This versatility typically does not hold for
many other NFRs. Quality, for example, is relevant in the context of a whole
process, but not necessarily for a single activity; usability can be tied to a single
activity, but not to resources; reliability may be relevant for a single activity, but
is too fine-grained for cross-functional processes. Secondly, when we refer to the
dynamic nature of cost we mean that it is relevant for both design and run time
decisions. This aspect differs from NFRs such as maintainability and usability,
which are important concerns at design time, but out of scope for operational
decision making. Again, both the design and run time perspectives are in scope
for a WfMS. In summary, a WfMS is a natural platform to manage cost concerns
since it connects the many levels of cost interests and allows for implementing
cost-informed design and operational decisions. Hence, we propose a conceptual
framework which is tailored towards incorporating the cost perspective within a
WfMS with the specific goal of supporting cost-informed operational decisions.
2 A Framework for Cost-Informed Decisions
Different types of actions can be performed by a WfMS or by a resource in-
teracting with a WfMS to support cost-informed decision making during process
execution. We propose that in addition to the ability to specify cost-informed con-
trol flow definitions and resource allocation rules at design time, a cost-informed
WfMS should provide support for system-based decisions and system-supported
user decisions at runtime. Figure 1 depicts our conceptual framework which de-
scribes 1) data input, i.e. the information requirements to enact actions that can
be undertaken by or with a WfMS, 2) the actions that can be taken on the levels
of process, activity, and resource (work distribution), and 3) the cost-informed
support that is delivered, either through decisions by the WfMS itself or people
using its support.
Fig. 1. A framework supporting cost-informed process execution with a WfMS.
2.1 Data Input
A number of key objects need to be provided to a WfMS as data inputs to support
cost-informed actions. In addition to an executable process model, we need access
to a cost model that can be associated with different elements within a process
model. Cost data could be as simple or as complex as an organisation requires it
to be. For instance, it could be a variable cost that describes the hourly rate of a
resource, but it could also be a dynamic scheme that ties overhead costs to each
case depending on seasonal factors. Cost information, together with historical
data as stored in a so-called process log regarding past executions, can be used
to determine the cost of process executions as illustrated in our earlier work [14].
Since a business process is always executed in a particular context, we also adopt
the four levels of context data described in [11]: case attributes, process context,
social context, and the environment.
2.2 Actions
All cost-informed actions are based on the data inputs that we discussed on
the one hand, while they are governed by the strategic considerations within an
organisation on the other. We refer to these as cost optimisation goals. Typical
examples are: cost minimisation, cost overrun prevention, profit maximisation,
incorporation of opportunity cost, etc. The concrete cost-informed actions sup-
ported by a WfMS, informed by data input and governed by cost optimisation
goals, can then be classified into three levels: process, activity, and resource.
– Process. The process level is concerned with carrying out process selection
based on cost information of processes or process variants at design time
or at runtime. This may involve the selection among different processes or
selection among different process variants (which are created from individual
processes during the execution phase). It should also be possible to assign a
(whole) process or process variant to a certain resource team for execution
(i.e. outsourcing) based on the cost profile.
– Activity. For cases that have been started under the control of a WMFS, it
is necessary to decide at certain points about the activity (or activities) to be
executed next. In its coordination capability, a WfMS may decide on which
workitems are enabled in a specific case, based on the branching conditions
specified in the control-flow of the underlying process model. A WfMS could
also start, skip, and cancel a workitem, among other actions, based on that
cost information.
– Resource. After a workitem has been enabled, further choices related to
distributing work to resources become possible. For workitems that need to
be carried out by a user, both “push” and “pull” patterns of activity-resource
assignment [8] should be supported.
Figure 2 shows possible cost-based decision points within the lifecycle of a
workitem (transitions that can be cost-informed are depicted using bold arrows).
After a workitem is created, the system can offer the workitem to one or more re-
sources for execution (which is depicted as “S:offer s” and “S:offer m” decisions).
An additional “C:selection” annotation indicates that it is possible for this sys-
tem decision to be cost-informed. i.e. a resource could be selected based on its
cost characteristics. After a workitem is started by a resource, it can still be sus-
pended/resumed or cancelled by a resource. The “R:suspend”, “R:resume”, and
“R:cancel” transitions reflect these possibilities and similarly the “C:decision”
annotations in these transitions indicate that these user decisions can be guided
by cost information. When more than one workitem is assigned to a resource
and/or when a workitem is offered to multiple resources, a WfMS can provide
support for the prioritisation of workitems based on cost information using the
concept of cost-based orderings, i.e., “C:ordering”.
Fig. 2. Lifecycle of a workitem (based on [8]) – enriched with potential cost-based rules
for system decisions and system-supported user decisions.
2.3 Cost-informed Support
As we mentioned, our framework identifies the two types of cost-informed sup-
port that result from the discussed ingredients: systems decisions, which can be
taken by the WfMS itself, and system-supported user decisions, which are taken
by resources on the basis of information provided by the WfMS. For instance,
it is possible for the WfMS to make an automated selection of the process vari-
ant based on its cost profile and context information. Alternatively, the WfMS
can provide the resource with cost profiles of different process variants and the
resource can make the selection. This is also true for decisions on which activ-
ities to execute. The WfMS can either make a cost-informed decision based on
a pre-defined business rule to enable/start an activity or allow the resource to
start/skip/suspend/resume/cancel a particular activity based on cost informa-
tion. Decisions on which paths to choose in a process are exclusively taken care
of by the WfMS using predefined cost-informed business rules. Workitems can
be assigned by the WfMS or can be selected by a resource based on their cost
(historical or predicted values).
2.4 Technical Challenges
For a WfMS to be capable of cost-informed enactment, execution and support
across the three levels (process, activity and resource), the following key criteria
would need to be satisfied:
1. Association of cost data and cost-based rules with a process/workflow. This
support is required prior to the execution phase. Relevant cost rates for
different process elements such as activities and resources must be specified
in advance. Some values would include salary and incidental costs for human
resources, the costs of materials required, fixed costs associated with activity
enactments, rentals, depreciation, and so on.
2. Runtime calculation of the cost of execution of each process instance and
its component activity instances. Such calculations may be based on time,
usage, measurement, invocation, a fixed cost, or a combination of the above.
3. Logging and analysis of cost data. The ability to archive all calculated costs
for each process instance (incorporated into the process event logs) and to
perform extrapolated calculations over archived data.
4. Support for cost-informed decisions. The ability to use the calculated cost
for the current process instance, and/or those of all previous instances of the
process, to make cost-informed decisions.
3 Realisation
We have developed a prototype implementation within the YAWL workflow
environment [9]. YAWL was chosen as the implementation platform because it
is built on an expressive workflow language that provides extensive support for
identified workflow and resource patterns, together with a formal semantics.
A new YAWL custom service, known as the Cost Service, is responsible for
performing the required cost calculations by applying the data to the relevant
cost model components; and for storing all interactions and results in its pro-
cess logs. The workflow engine and other interested services such as the Re-
source Service, which manages all resourcing allocations, notify the Cost Service
throughout the life-cycle of each process instance, passing the appropriate data
for cost calculations. The workflow engine has also been extended to accommo-
date control-flow predicates that include cost-based expressions. When process
execution reaches a control-flow predicate that contains a cost-based expression,
the workflow engine calls the Cost Service, passing the expression, along with
all associated data. In addition, the set of resource allocation strategies within
the YAWL Resource service has been extended with a number of cost-based al-
locators, such as Cheapest Resource, Cheapest to Start, Cheapest Completer and
so on. When the Resource Service enacts a cost-based allocator at runtime, the
allocator will directly query the Cost Service, requesting a calculation based on
previous case histories (stored within the process logs) for the resources involved,
based on the particular allocation strategy in question. Both push and pull based
resource interaction styles are supported. With regards to process variants, the
Worklet Service [9] will be extended with cost-based rule expressions, which may
then be used to determine which process variant is the ideal selection for the
current context of a case.
Fig. 3. Prototype architectural flow in the YAWL environment.
Figure 3 shows the flow of information through the prototype for each level of
cost-informed support. At the process level, the workflow engine schedules an ac-
tivity for execution by the Worklet Service (1.1). The Worklet Service traverses
its rule set for the activity, querying the Cost Service to evaluate cost-based
rule expressions (1.2). The Cost Services evaluates and returns the results (1.3),
which the Worklet Service uses to select the appropriate process variant for the
activity, and launches the variant in the engine (1.4). At the activity level, when
the workflow engine encounters an branching construct in the control-flow of a
process instance, it queries the Cost Service to evaluate the predicate of each
outgoing branch (2.1). The engine then uses the results of the predicate eval-
uations to fire the branch that evaluates to true (2.2). At the resource level,
where the distribution of work takes place, the workflow engine schedules an
activity for a (human) resource (3.1) with the Resource Service. The Resource
Service then queries the Cost Service for all cost information pertaining to the
activity (3.2), which the Cost Service returns (3.3). If the activity is configured
for system-based allocation (push pattern), the specified allocation strategy (e.g.
Cheapest Resource) is employed using the cost information in its calculations,
then the activity is routed to the worklist of the selected resource (3.4). If the
activity is configured for resource-based allocation (pull pattern), the affected
resources’ worklists are updated with the retrieved cost information (3.5) allow-
ing a resource to select the appropriate activity based on the cost information
presented to them (3.6).
In addition to deploying process examples in the above prototype implemen-
tation realising our conceptual framework, we plan to evaluate the conceptual
framework with stakeholders’ input (e.g. through interviews and case studies).
4 Related Work
Cost has always been one of the key factors under consideration in the context
of business process reengineering [5] and process improvements [7]. Through the
iterative application of BPM techniques, processes can be improved in terms
of quality, flexibility, time and/or cost [7]. Although WfMSs support planning,
execution, (re)design and deployment of workflows [13], direct support for cost-
informed execution is currently lacking. We have previously taken a first step
by proposing a generic cost model [14], which is one of the ingredients of the
encompassing framework we presented and demonstrated in the current paper.
The interrelationships between processes, resources and cost are also high-
lighted in the report produced by the International Federation of Accountants [6].
Notwithstanding these works, few studies exist where a structured approach to
the analysis of cost factors in a process-aware information system is undertaken.
Since the introduction of ERP systems, a number of studies have been con-
ducted on the effects of ERP systems on traditional management accounting
practices [1, 3, 4]. Recently, Vom Brocke et al. proposed an information model
to link the ARIS accounting structure with ARIS process semantics using Event
Driven Process Chains (EPC) [12]. Cost-informed operational process support
is related to the notion of operational support studied in the context of process
mining [10]. As shown in this paper, operational support based on cost consid-
erations can be provided though an external cost service tightly coupled to the
WfMS.
5 Conclusion and Future Work
The paper proposes a conceptual framework to enable workflow management
systems to be cost-informed during enactment. In particular, we proposed how
cost-based decision rules for process variant selections, activity related decisions
(e.g., execution, cancellation, deferment), and resource assignment decisions can
all be supported within a WfMS. We proposed an architecture for cost-informed
process execution and presented a realisation of such a cost-informed workflow
environment using the YAWL workflow management system.
We believe that our approach will enable organizations to more easily trans-
late cost strategies into operational fulfilment using a WfMS and we have plans
to evaluate the framework with stakeholders’ input (e.g. through interviews and
case studies). This work takes an important step towards achieving a higher level
of support for WfMSs in terms of the cost perspective. For the future, we are
interested in the development of predictive capabilities that may help to project
the cost that is incurred by alternative operational decisions.
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